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INVESTIGATION  OP  INORGANIC  SALTS  FOR  THE  PURPOSE  OP 
USIN3  THEM  AS  HIGH-TEMPERATURE  LUBRICANTS 


I  1 

i  M,  M,  Fialko  and  A.  I,  Dint see 

! 

i  In  recent  years  there  has  been  a  sharp  Increase  in  the  requirements  with 

i 

relation  to  thermal  and  thermo-aoid  stability  of  lubrioating  materials.  One 

i 

.is  oonfronted  with  the  problem  of  maintaining  high  lubricating  quality  and  at 

the  same  time  oreating  lubrioating  materials  whioh  are  oapable  of  functioning 

I  '■ 

at  temperatures  up  to  600  or  600'C.  In  order  to  solve  this  problem  muoh  at- 

i  . 

tention  is  being  given  to  research  in  the  field  of  solid  lubricants  and  films 

obtained  from  graphite,  molybdenum  sulfide,  metal  oxides  [l — 3],  etc.  Pro¬ 
cesses  have  been  developed  for  thermochemioal  treutmo nt  of  friction  surfaors, 
particularly  sulfidation,  where  the  ferrous  alloys  are  treated  with  a  mixture 
of  salts  in  a  bath  with  high  temperatures  [4,  5]« 

Judging  by  the  data  from  the  literature  solid  lubricants  can  work  in  the 


air  at  a  temperature  olose  to  as  high  as  400*C.  However,  there  is  a  require¬ 
ment  for  new  liquid  lubrioating  materials  which  are  stable  at  high  temperatures. 

I 

The  prinoipal  advantage  of  a  liquid  lubricant  lies  in  the  fact  that  it  assures 


removal  of  the  heat  from  the  friction  surfaces  and  renewal  of  the  lubricating 

material  in  the  area  of  the  friotion, 

| 

Lubricating  oils  on  the  basis  of  petroleum  decompose  at  temperaturc.3  be¬ 
low  200 *C .  Element-organic,  above  ell  silieon-organio  liquids  are  much  mors 

\ 

stable.  However,  their  use  also  is  limited  to  temperatures  up  to  300  or 

350  *c.  ; 

,  T&is  projeot  is  devoted  to  the  seeking  out  among  fusions  of  inorganio 

| - —  -4  ‘ 

salts  liquid  lubricating  materials  which  are  capable  of  working  up  to  500*C. 

f—  -3 

Inorganic  ealta  possess  high  thermal  stability,  high  boiling  point,  and  good 

1 

heat"  conductivity,  It  is  not  difficult  to  pick  out  salts  or  their  euteotio 

s'ror  nu’t  . .  .  ■ 
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mixtures  stable  at  500  C,  In  the  Integral  of  temperatures  2 00— 500  C  in  the 

!  ! 

liquid  state  one  finds  mostly  nitrates,  nitrides,  halides,  and  blohroaates. 

One  may  point  to  the  three- component  mixture  of  nitrates  and  nitrites  of  so- 

» 

^dium  and  potassium  (r.itrate-nitrite  mixture)  consisting  of  58^  KNO^,  40^  NaOj, 
and  7 i*  by  weight  of  NaNO^  [6—8],  used  as  a  heat  conductor  at  industrial  es¬ 
tablishments  [9].  The  properties  of  inerganio  salts  as  lubricating  materials 

i 

have  been  little  studied.  Some  isolated  reports  are  known  in  which  information 
jis  to  be  found  regarding  moisture,  corrosion  motion,  and  lubricating  oapaolty 

of  fused  salts  f 10— 17],  It  is  indicated  that  the  corrosive  aotion  of  fused 

I 

salts  depends  on  traoes  of  ions  of  hydrogen  whioh  are  present  in  the  fusion.  . 
0.  V.  Vinogradov  [16]  notes  that  in  the  friction  of  steel  on  steel  fusions  of 

rhodanides  behave  like  petroleum  oil  with  sulfur  additions.  There  are  indi- 

1 

cations  as  to  the  possibility  of  the  use  of  phosphates  and  phosphides  as  lu- 
brioatlrg  materials  [l8,  19], 

Methods  of  Teats  The  determination  of  the  corrosive  aotion  of  fused 

I  * 

salts  was  done  in  a  quarts  test  tubes  (Fig.  l)  placed  in  a  thermostat.  Into 


Fig.  1.  Quarts  test 
tube  for  determining 


corrosion 


1— ceotionj  2— air 
inlet)  3— air  outlet, 
4— extensions  for 
suspension  of  plates 


the  tube  the  salt  was  put  in  whioh 
after  its  fusion  the  plates  of  the 
tested  metal  were  Inserted.  Puri¬ 
fied  air  was  blown  through  the  fusion. 
At  the  end  cf  the  test  the  salt  was 
washed  from  the  plates  with  water, 
and  the  water  by  alcohol.  The 
oorrosion  was  determined  by  the  ohange 


in  the  weight  of  the  plates.  For  the  oorrosion  tests  there  were  ohosen  the 

1 - 4  .  '  •<■■■' 

alloyed  steels  EI347,  R9K10,  and  12KhN3A  and  the  nickel  alloys  TsKB-1tt82R  (type 
Siconel  Kh")  and  NlBhMta-28-2,5-1 ,5  (type  Monel  metal).  "*  ~ 


I - 1 

For  evaluating  the, 


of  the  batoh  the  salt  was  kept  at  20*C 


STOP 
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In  a  dryer  onto  the  bottom  of  which  water  was  poured.  The  relativity  humidity 

|  I  . 

in  the  dryer  amounted  to  about  90^.  The  oalt  before  the  experiment  wae  dehy- 

I  < 

t 

drated  at  20*C  and  a  residual  pressure  of  5  on  the  Eg  column.  The  crystal 

hydrates  were  preliminarily  freed  from  the  greater  part  of  the  crystallization 

I 

water  by  heating  at  atmospheric  pressure.  Afterward  the  salts  were  carefully 
pulverised,  weighed,  and  plaoed  in  the  dryer  In  porcelain  boats.  The  hydro- 
soopicity  was  determined  by  overweight  expressed  in  weight  percentages. 

1  The  evaluation  of  the  antiwear  properties  of  the  salts  was  done^  on  a 

I 

four-ball  apparatus  with  balls  of  the  diameter  of  12.7  mm  made  of  silioon- 
molybdenum  steel.  The  salts  were  ground  in  a  porcelain  mortar  and  dehidrated 

i 

at  200*C  and  residual  pressure  of  3  mm  on  the  Hg  column,  and  up  to  the  testing 

I 

were  kept  in  the  dryer. 

j 

1  Results  of  Testa  The  salt  fusions  differ  sharply  as  to  oorrosive 

i 

action.  The  least  agresaive  media  of  the  investigated  salts  were  the  nitrates 

1 

I 

and  the  fluorides)  the  most  oorrosive  were  the  chlorides  and  bromides,  espe- 

i 

oially  the  chlorides  and  bromides  of  heavy  metals  (iodides  of  heavy  metals, 

JOUm/ 

rhodanides,  and  other/  unstable  at  500*  were  not  tested).  Fused  salts 

at  500 #C  break  down  asbestos  in  the  course  of  5  hours  (exceptions,  K,  Na, 


'vN0i )  but  protect  graphite  from  oxydation  by  the  oxygen  of  the  water. 

/  is  an  important  characteristic  of  lubricating  material. 

i 

With  lengthy  preservation  of  an  article  with  lubrication  material  corrosion 

i 

of  the  article  is  possible.  The  presence  of  water  in  the  salts  leads  to 
a  sharp  increase  in  the  corrosion.  The  rosults  of  the  obtaining  of  hylroscop- 
ioity  of  the  salts  are  given  in  Table  2.  The  rate  of  absorption  of  moisture 


1  4 

( _  Ip  the  laboratory  of  the  All-Union  Scientific  Research  Institute  for  the 

Processing  of  Petroleum  and  Oas  and  for  the  Production  of  Synthetlo  Liquid 

l  _ _ _ |  ’  " 

Fuel  under  the  direction  of  V,  A.  Listov  and  V.  A.  Harkov. 
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'oy  the  salts  deoreases  with  time.  The  weakly  hygroscopic  salts  (fluoride  of 

!  ! 

lithium,  blohromate  of  potassium)  already  in  the  first  hours  were  completely 

i  ' 

saturated  with  moisture,  after  whioh  the  absorption  stopped.  Salta  with 

high  hygroscopioity  were  oonverted  into  watery  solutions  whioh  absorb  moisture 

I 

from  the  air  oontinuing  to  Increase  in  volume.  It  ie  Interesting  to  note 
that  the  hygroscopioity  of  of  euteotlo  mixtures  approaches  that  for  the  most 
TABLE  1.  Corrosive  aotion  of  Fused  Salts  and  Euttt.Q.tlO-Mlctar.fts. _(5.Q0* t  5  hid* 

*  Chanel  in  the  Weight  of  the  Plates,  n^/cm^ 


Salt  or 

! 

Euteotio  Mixture 


K,  N#  U  NO,.  NO,  • 
KNO, 

NeNO, 

NaNO, 

K,  Na  y  NO, 

;  LINO, 

•K,0r,O, 

K.  Li.  Na  a  F 
i  Li,  Na  0  y,  SO, 

K.  LI.  Nay  Cl 

K.  Na.  Zn  *  Cl 


I 


K.  Li  »  Dr 
Cd.  K.  Nr  y  Or 


EI347 


•  -i  0.2 
0  ,0 
+0.5 
+  0.1 
+0.5 
+0.2 
0 

+0.3 

-0-3 

(+0.3) 

-0.9 

(-0.2) 

-8.5 

(-10) 

-4.0 

-8 

(-0.M 


'  R9K10 

IUZhMts-28-  l 
2. 5-1-5  \ 

+0.4 

+0.1 

+0.4 

+  0,4- 

+0.4 

0 

+0.5 

0 

+0.4 

+  0.4 

+0.4  ■ 

+0.1 

O 

«*■>» 

1 

O 

& 

• 

• 

0 

+0.2 

0 

0 

0 

-1.0  (-0.1) 

• — OJ 

-6.6  (-6) 

-04 

-1.7 

-0.5 

-1.7  (-0.4) 

-0,2 

on  by  the 

designation 

081B 


t‘1 2KhN3A 


o 
o 

o  ' 
o 
0 

+0.1  •  ! 
—0-3  l  [ 


—0.1 

+o.t 


.-0.1 

.>  ■ 


0 

-0.1 


0 

0 

0 

0 

•  0 
0 

-0.4 

(40.2) 

■  +0.2 
+0.1 

-0.9  (0) 

.-2.6 

(-1.7) 

-0,7 

—HO 

(-0.4). 


the  lowest-fusible  mixture  of  a  given  system. 

**In  the  cases  where  the  results  obtained  in  the  blowing  of  air  through 

the  salt  are  considerably  different  from  the  results  obtained  without  blowing 

i 

the  air  through,  two  figures  are  shown  in  the  table;  the  first  relates  to  the 

experiments  with  blowing  the  air  and  in  the  remaining  cases  there  is  given  the 

! 

average  value  of  the  oorrosion. 


-  •  -5 

hygroscopic  component.  The  corresponding  data  are  given  in  Table  3, 

{ - -i 

. . The  antifriction  properties  of  salts  (Figs.  2 — 5)  are  evaluated  mainly  at 

room  temperature.  The  high  temperatures  and  fusion  of  the  salt  influence  the 

-  -  -  —  t 

antiwear  properties,  however,  the  ourves  referring  to  different  temperatures 


S  /■[>’  hi 
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TABLS  2.  Bygrogooplolty  of  Some  Salts  and  Their  Eutectic  Mixtures 

,3*1 t  or  Eutao-  Increase  in  weight.  #  for 

I  ! 

tio  Mixture 

o. . 

NaNO* 

K.  Na  |  NO*,  NO, 

•Naf 

,  xr 

X.  Li,  Na|F 
LI,  Na  |  P,  SO« 

NaCl 

xa 

CdCl* 

LIBr 
NaOr 
KDr 
OdOr, 

K.  1.1 1  Or 
Cd,  K,  Na  I  Br 

pass  close  tc  eaoh  other  (rig.  2).  The  divergence  in  the  results  obtained 

i 

jin  the  investigation  of  chloride  and  bromide  of  lead  and  also  the  euteotio  of 
K-,  la-,  and  ZnCl  at  20  and  250*C  does  not  go  beyond  the  error  of  experiment. 

i 

Therefore  in  the  graph  there  is  plotted  one  curve  for  eaoh  of  these  salts. 

l 

Of  the  number  of  salts  studied  the  best  antiwear  properties  are  possessed  by 
,the  chlorides,  bromides  and  tungstate  of  potassium.  For  comparison  in  Fig. 

t 

,3  there  are  shown  the  antiwear  properties  of  the  oil  MK-8  evaluated  under  the 


0.5  hr 

1  hr 

2  hr 

3  hr 

!  44hr 

0.10  ' 

0.23 

0.24 

0.30 

0.30 

OGO 

1.1 

1.4 

23 

3.1 

•1.5 

23 

5.5 

8.1 

11  i 

1.5 

2.9 

5.4 

83 

0.9  ' 

001 

034 

034 

0.04 

.  0.04 

007  , 

010 

0.10 

0.10 

0.10 

0.33 

042 

0.50 

0,50 

03 0* 

2.0 

5.6 

11 

IS 

20  . 

2.4 

4.7 

8.5 

12 

10 

030 

1.4 

2.5 

3.4 

43  • 

032 

1.1 

23 

3.5 

43 

075 

1.5 

23 

43 

5.1 

8.9 

17 

31 

44 

55 

4.0 

OO 

15 

22 

28 

4.7 

5.1 

93 

13 

10 

039 

13 

2.5 

3.2 

3.7 

03 

1.1 

2.0 

3.1 

43 

3.0 

53 

12 

16 

21 

030 

1.4 

2.5 

3.4 

43 

the  same  conditions.  All  the  chlorides  investigated  and  the  bromides  surpass 


in  antiwear  properties  this  petroleum  oil. 

The  data  presented  sheer  that  there  exist  no  ralts  which  possess  all  the 
necessary  properties  for  lubricating  material.  The  salts  with  good  antiwear 


characteristics  have  high  corrosive  action,  and  on  the  other  hand  the  weakly 

i 

corrosive  salts  possess  poor  antiwear  properties.  The  improvement  in  the 
1  salts/ 

separate  characteristics  of  the  salts  by  mixing  them  with  other/  is 

i  '  v 

made  difficult  by  the  weak  mutual  solubility  of  the  salts  and  because  of  the 

l - 3 

undesirable  interaction  between  the  salts.  Nevertheless  for  determined 

i - 2 

conditions  of  work  it  is  possible  to  select  lubricating  materials  on 

i_ .  o _  ; 

srep  f. . 

'  '  J  I 
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'alts  and  Their  Com 


C.JXO,),  2i 
KXO,  0..I 
I.I.NOj  21 
<:«.  K.  21 
Li  i;  XO, 


r-l  O  M 

<a  o  n 
to  +»  *• 


*•  4*  * 

<H  O  tl 
id  c  3 

CO  ■«-*  4> 


f-l  o  t* 

A  «  3 
to 


KCI 

MCI 

X»C| 

K.  I-l. 
NaliCl 


*  KCI  5  MXO,  2$  K,SO.  0.04 

35  NaCl  4.5  XaXO,  2,1  Zn.SO,  10 
1.5  ZuCI,  20  U.XaaXOj  22  K.Z«aS04  9.5 

33  K,  X*.  25  —  — 

Zn  U  Cl 


u  h  m  m  hi 

HUfftM.  nt 


O  u  5  *>  tn  "* 


Pig.  2.  Antiwear  properties  of  nitrates  Fig.  3.  Antiwear  properties  of  chlo- 
NaNOj ,  N02  at  20*  C  (powder) |  rides  at  20  *C 

I 

2  K-,  NaNDj,  N02  at  250*  C  (fusion)i  1—  MaCl ;  2— KClj  3 — K-,  Na-,  ZnClj 

3 — K-,  NaNO^,  N02  at  500*  C  (fusion) j  4 — PbCl2j  5 — MK-8. 

4  LiNOj  at  20*  C  (powder).  Legend t  (l)  diameter  of  the  wear 

Legend  1  (l)  diameter  of  wear  spot,  mra  spot,  ran 


spot,  ram 


a  salt  base.  For  example,  in  making  use  of  lubricating  materials,  among  them 
fusions  of  salts,  in  antifriction  bearings  their  antiwear  properties  deter¬ 
mined  on  a  four— ball  apparatus,  do  not  have  decisive  significance.  At  the 

- 

8ame  _t|m*  there  may  be  «p««t  significance  in  this  case  in  their  high  thermal 
stability.  ; 

I  1  -  . 

£anfflyaft9ns  A  study  has  been  made  of  the  corrosive  action,  hygroscopic 

property  and  antiwear  property  of  a  number  of  inorganios  salts  and  their  mix- 

SK'P  I. !'!-:!  ' 
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Fig,  4,  Antiwear  properties  of  bromides 
at  20*  C. 


1— K-,  LiBrj  2— CdBr2j  3~Cd,  K-,  NaBrf 
4 — PbBrj  . 


ides,  oufates,  and  tungstates 
at  20*  C 

1— LiFj  2~K7,  Li-,  NaFj  3— X2W04f 
4— K2S04{  5— Li-,  NaF,  -S04 

6.  Voskresenskaya,  N,  K,, 

chemistry),  V.  1,  1956,  p.  1867 

' - 5 

7.  Freeman,  E,  S.,  J,  An 

h - 4 

8.  Freeman,  E,  S 

i 

l - 9#  Kirat,  W.  E 

Chem.  Engrs., 

! _ _ ,  .0. _ _  _ 
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tures.  The  nitrates  are  muoh  less 
corrosive  than  the  chlorides  and 
bromides.  By  their  hygroscopic 
quality  their  euteotio  mixtures 
come  near  to  being  the  best  hygro- 
scopio  component.  The  best  anti¬ 
wear  properties  among  the  salts 
studied  are  had  by  the  chlorides 
and  bromides,  wnlch  exceed  in  this 
respect  the  mineral  oil  MK-8. 
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